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SPECIFICATION 

METHOD AND APPARATUS FOR MOUNTING COMPONENTS 

Field of the Invention 

The present invention relates to a method and an apparatus 
for mounting components, which picks up components supplied 
from a component supply section using suction nozzles 
attached to a mounting head and mounts the components on a 
printed circuit board. 

Background of the invention 

Generally, a component mounting apparatus is configured 
in such a way as to carry a printed circuit board to be mounted 
using a transfer belt, position the printed circuit board by 
moving a component mounting section in X and Y directions, 
pick up components supplied by a component supply section 
using suction nozzles attached to a mounting head and mount 
the components on the positioned printed circuit board. 

When components are mounted on a printed circuit board, 
in order to shorten a total time of mounting the components, 
the electronic components to be mounted are separated into 
a plurality of component groups according to the sizes, 
weights and mounting positions of the components supplied, 
and their mounting order is optimized before the components 
are mounted. This is because when the components to be 
mounted are suction-held by suction nozzles and moved to their 
mounting positions on the printed circuit board, the 
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components may fall off from the suction nozzles if they are 
big or heavy* 

By the way, with reduction in size and weight of 
electronic devices such as cellular phones and small digital 
video cameras in recent years, it is necessary to mount 
components one side of which is smaller than 1 mm with narrow 
inter-component distances of 0.3 mm or even narrower 0.1 mm, 
for example. 

However, as shown in FIG. 13a, in the case where 
components are mounted with a narrow inter-component interval 
a, a component la which is already mounted, and a suction 
nozzle 5 or a component lb held by the suction nozzle 5 
interfere with each other in the vicinity of an arrow C, 
causing a problem of rendering the mounting of the component 
lb defective. 

As a solution to such a problem, a method of mounting 
components using suction nozzles 5 having a smaller diameter 
as shown in FIG. 13b is proposed. However, such narrow 
suction nozzles 5 have a problem of failing to keep the nozzle 
strength and easily getting damaged. Therefore, the diameter 
of the suction nozzles 5 is required to be at least 4 mm from 
the standpoint of strength. 

Summary of the Invention 

The present invention has been implemented to solve the 
above described problems and it is an object of the present 
invention to provide a method and an apparatus for mounting 
components, capable of mounting even such components as with 
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a narrow inter-component space without producing any 
interference between the components already mounted and the 
suction nozzles or components being suction-held by the 
suction nozzles. 

The component mounting apparatus of the present 
invention is an apparatus that can pick up components supplied 
from a component supply section by suction nozzles attached 
to a mounting head and mount the components on a printed 
circuit board in ascending order of height based on 
information on the components to be mounted, thus avoiding 
interference between components or between components and the 
nozzles. Therefore, in order to mount components in 
ascending order of height based on information on the 
components to be mounted, the present invention provides a 
control section that moves at least one of the positions of 
the suction nozzle, the mounting head and the printed circuit 
board. 

Furthermore, the component mounting apparatus of the 
present invention includes a component supply section, a 
mounting head having suction nozzles, a component mounting 
section that positions and fixes the printed circuit board, 
a control section that controls the suction head, the mounting 
head and the component mounting section, and a data section 
having component information, wherein the positions of the 
suction nozzles, the mounting head and the printed circuit 
board are driven and controlled such that the components are 
mounted in ascending order of height based on height data of 
the components supplied from the data section. 
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Furthermore, the component mounting apparatus of the 
present invention includes a component supply section, a 
mounting head having suction nozzles, a component mounting 
section that positions and fixes the printed circuit board, 
a control section that controls vertical movements of the 
suction head and horizontal movements of the mounting head 
and a data section having component information, and drives 
and controls the movements of the suction nozzles and the 
mounting head such that the components are mounted in 
ascending order of height based on height data of the 
components supplied from the data section. 

The component mounting method of the present invention 
is a method that, when picking up components supplied from 
a component supply section by suction nozzles attached to a 
mounting head and mounting the components on a printed circuit 
board, drives the positions of the suction nozzle, the suction 
head and the printed circuit board so that the components are 
mounted in ascending order of height based on preset internal 
information on the components to be mounted. 

According to the present invention, it is possible to 
mount components on the printed circuit board without 
problems because even when components are mounted with only 
a narrow distance between components, interference in terms 
of height between the already mounted lower components and 
the suction nozzles or higher components being suction-held 
by the suction nozzles is avoided. 

In the case where a distance between components to be 
mounted varies, the component mounting method of the present 
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invention separates components into a plurality of groups in 
such a way that components with a narrower inter-component 
distance than a predetermined value are put into a same group 
and components of the same group are mounted in ascending order 
of height. 

This configuration not only prevents interference 
between components but also prevents components from being 
mounted in such an order that mounting of a component of a 
first group is immediately followed by mounting of another 
component of a second group whose inter-component distance 
is longer than that of the first group, thus making it possible 
to prevent the moving distance of the components to be mounted 
from becoming too long and finish the overall mounting in a 
relatively short time . 

Furthermore, in case where the distance between 
neighboring components is narrow, the component mounting 
method of the present invention checks, according to a 
mounting plan, whether there are any low components to be 
mounted first and if there are such components , checks whether 
such components have actually been mounted or not, and then 
mounts the components on the printed circuit board. 

Even if mounting fails, this configuration allows 
components to be mounted without producing any interference 
between the already mounted components and the suction 
nozzles or components being suction-held by the suction 
nozzles. 

Brief Description of the Drawings 



- 6 - 



FIG, 1 is a configuration diagram of a component mounting 
apparatus according to Embodiment 1 of the present invention; 

FIG. 2 is a schematic diagram of a mounting head according 
to Embodiment 1 of the present invention; 

FIG. 3a is a perspective view of a component according 
to Embodiment 1 of the present invention, and FIG. 3b and 3c 
are schematic diagrams respectively illustrating mounting 
positions and postures of the components, and an inter- 
component distance between any two of the components; 

FIG. 4a to 4d are process charts for mounting components 
according to Embodiment 1 of the present invention; 

FIG. 5a to 5d are other process charts for mounting 
components according to Embodiment 1 of the present 
invention; 

FIG, 6 is a configuration diagram of component mounting 
apparatus according to Embodiment 2 of the present invention; 

FIG. \7 is an enlarged perspective view illustrating a 
principal part of FIG. 6; 

FIG. 8a to 8c are process charts to decide an order of 
mounting components according to Embodiment 3 of the present 
invention ; 

FIG. 9 is a flow chart of a component mounting method 
according to Embodiment 3 of the present invention; 

FIG. 10a to 10c are process charts to decide an order 
of mounting components according to Embodiment 4 of the 
present invention ; 

FIG. 11 is a flow chart of a component mounting method 
according to Embodiment 4 of the present invention; 
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FIG. 12 is a flow chart of a component mounting method 
according to Embodiment 5 of the present invention; and 

FIG. 13a and 13b are schematic diagrams of a conventional 
component mounting process. 

Description of the Embodiments 

With reference now to FIG. 1 to FIG. 12, embodiments of 
the present invention will be explained in detail below. 

The components similar to those in FIG. 13 illustrating 
the conventional example above will be explained with the same 
reference numerals assigned. 

( Embodiment 1 ) 

FIG. 1 to FIG. 4 show Embodiment 1 of the present 
invention . 

As shown in FIG. 1, the component mounting apparatus of 
the present invention is configured so that an electronic 
component 1 supplied from a component supply section 2 is 
picked up by a suction nozzle 5 attached to a mounting head 
6 and mounted on a printed circuit board 3 positioned by a 
component mounting section 4. 

A plurality of suction nozzles 5 are attached to the 
mounting head 6 in a circular form and rotate in the direction 
shown by arrow A. 

The component supply section 2 is configured in such a 
way that a plurality of component supply cassettes 8 housing 
various kinds of electronic components 1 are placed and the 
component supply cassettes 8 housing necessary components are 
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moved under the component supply position [position F l in FIG. 
2] of the mounting head 6. 

The printed circuit board 3 on which the electronic 
component 1 is mounted is carried in the direction shown by 
arrow B and positioned at a predetermined mounting position 
by the component mounting section 4, which is movable in X 
and Y directions. 

More specifically, as shown in FIG. 2, at the stop 
positions of the suction nozzles shown by P x to P n , one of 
the component supply cassettes 8 is positioned at a component 
suction position A shown by P x and a necessary electronic 
component 1 is supplied. 

The printed circuit board 3 is positioned at a component 
suction position B by the component mounting section 4. 

The suction nozzle 5, which extends from the mounting 
head 6 at the component suction position A of P x and creates 
suction so that the electronic component 1 is suction-held 
by the suction nozzle 5, moves to each stop positions P x to 
P XI sequentially and descends onto the printed circuit board 
3 positioned at a component mounting position B of P 6 and mounts 
the electronic component 1 at a predetermined position. 

The component mounting apparatus configured as shown 
above is provided with a data section 9 that previously 
internally stores information on the height and mounting 
positions of components to be mounted, and a control section 
7 that moves the positions of the suction nozzle 5, mounting 
head 6 and printed circuit board 3 based on the data supplied 
from the data section 9. 
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An example of data stored in the data section 9 is shown 
in the table below. 
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The table above includes the sizes of the components 1, 
mounting positions with respect to the printed circuit board 
3 and data about the mounting posture. That is , A, B, C and 
D, etc. denote the mounting electronic components 1 and a, 
b and h denote the width, length and height of each electronic 
component 1 shown in FIG. 3a, respectively, and X and Y denote 
the X coordinate and Y coordinate of the mounting position 
of each electronic component 1 as shown in FIG. 3b, and 0 
denotes the mounting posture and the angle which the 
longitudinal direction of the component 1 forms with the 
X-axis as shown in the figure above. Since inter-component 
distance W between arbitrary components and gap w can be 
calculated from the position data (X, Y), posture data (6) 
and size data (a, b, h) of the components in the table above, 
it is also possible to calculate them from the control section 
7 on an as-needed basis. However, it is also possible to 
previously calculate the inter-component distance W between 
the centers of the component A and the component B and the 



gap w between the component A and the component B in FIG. 3b 
and FIG. 3c, and save them as data in the data section 9 apart 
from the table above . 

When mounting the electronic component 1 on the printed 
circuit board 3, the control section 7 loads the height and 
mounting positions of the components from information in the 
data section 9 and decides the mounting order so that the 
components are mounted in ascending order of height, controls 
and drives the suction nozzle 5, mounting head 6 and component 
mounting section 4, etc. and mounts the electronic component 
1 on the printed circuit board 3. 

More specif ically, as shown in FIG. 4 , when the electronic 
components la to Id are mounted with inter-component 
distances tl to t3, respectively, the control section 7 loads 
the height of each electronic component 1 from information 
of the data section 9 on the electronic component 1 and starts 
mounting from the lowest electronic component la as shown in 
FIG. 4a. 

Then, as shown in FIG. 4b and 4c, the control section 
7 mounts the second and third lowest components lb and lc. 
Then, in FIG. 4d, the control section 7 mounts the highest 
electronic component Id and finishes mounting of the 
electronic components la to Id on the printed circuit board 
3 . 

The explanations above describe the case where 
inter-component distances tl to t4 are identical, but in the 
case where the distance between the target electronic 
components is narrower than a predetermined value, these 



neighboring components are judged to belong to a same group 
and mounting starts with the lowest component in this group. 

More specifically, as shown in FIG. 5, when four 
electronic components le to lh are mounted with inter- 
component distances t4 to t6 , the mounting order is decided 
based on the mounting positions and height given from the 
information on the electronic components to be mounted le to 
lh. 

In this case, components having narrower inter-component 
distances than a predetermined value are grouped together 
with neighboring components and the mounting order is decided 
such that lower components are mounted first within the group. 

Here, suppose that the inter-component distances t4 and 
t6 are narrower than a predetermined value and inter- 
component distance 5t is wider than the predetermined value, 
the neighboring electronic components le and If, and lg and 
lh, are grouped together, and the lowest component is mounted 
first within the respective groups. 

Therefore, the mounting is effected in the order of 
electronic components le, If, lg and lh or electronic 
components lg, lh, le, and If. 

For example, in the case where the mounting is effected 
in the order of electronic components le, If, lg and lh, as 
shown in FIG. 5a, the mounting is started with the low 
electronic component le, and then the high component If is 
mounted. When the electronic component lg is mounted, since 
there is a sufficient distance t5 between the electronic 
component If and electronic component lg as shown in FIG. 5b, 
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the electronic component lg can be mounted without producing 
interference between the already mounted electronic 
component If and the suction nozzle 5 holding the electronic 
component lg or electronic component lg. 

As shown above, by deciding the mounting order so that 
lower components are mounted first among such components as 
having a narrower inter-component distance than a 
predetermined value, it is possible to reduce the amount of 
movement of the components to be mounted compared to the case 
where the mounting order is decided so that lower components 
are mounted first among all components, making it possible 
to mount the components in a short time. 

Moreover, interference between the already mounted 
components and the suction nozzles or the components held by 
the suction nozzles is also eliminated, and therefore it is 
possible to mount micro components on a printed circuit board, 
with narrow distances between neighboring components. Since 
the need to reduce the diameter of the suction nozzles is 
eliminated, it is possible to maintain the strength of the 
suction nozzles, or to further improve the strength by 
increasing the diameter. 
(Embodiment 2) 

The component mounting apparatus described in Embodiment 
1 rotates the mounting head 6 having a plurality of suction 
nozzles 5 around the center axis intermittently, moves the 
suction nozzles 5 vertically, while controlling the positions 
of the suction nozzles 5, the mounting head 6 and the printed 
circuit board 3 using an apparatus for moving the printed 



circuit board 3 horizontally, so that the components are 
mounted in ascending order of height. On the other hand, 
Embodiment 2 describes a component mounting apparatus that 
moves an XY robot 115 attached with a plurality of suction 
nozzles 108 horizontally on an XY plane while moving the 
suction nozzles 108 vertically, and moves a board operating 
apparatus 140 holding the printed circuit board 3 
horizontally . Embodiment 2 also describes a component 
mounting apparatus without the board operating apparatus 140 , 
that operates only the XY robot 115 and the suction nozzles 
108 to mount components in ascending order of height. 

The component mounting apparatus 101 according to this 
embodiment as shown in FIG. 6 comprises: a board transport 
apparatus 103 that carries in and out the printed circuit board 
3; a board operating apparatus 140 that can be connected to 
the board transport apparatus 103 and holds and moves the 
printed circuit board 3 in X and Y directions during a 
component mounting operation; reel-type electronic component 
supply apparatuses 104-1, 104-2 and 105 or a tray-type 
electronic component supply apparatus 106 accommodating 
electronic components 1 to be mounted on the printing circuit 
board 3; a mounting head 107 having nozzles 108 for holding 
electronic components from these electronic component supply 
apparatuses, for example, by suction operation, and for 
mounting the components being held by the nozzles at the 
mounting positions on the printed circuit board 3 ; the XY robot 
115 for moving the mounting head 107 in X and Y directions; 
recognition apparatuses 120 and 121 for photographing and 
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measuring the holding posture of the electronic components 
held by the mounting head 107; and a control apparatus 130 
for controlling movements of at least the XY robot 115 and 
the board operating apparatus 140 and performing recognition 
processing of images supplied from the recognition 
apparatuses 120 and 121, thereby to correct a difference 
between the above measured holding posture and the mounting 
posture of the corresponding component on the printed circuit 
board 3 . 

Furthermore, the mounting head 107 in this embodiment 
has four nozzles 108 and a board recognition camera 109 that 
recognizes a board position detection mark on the board 3. 
In this embodiment, after all the four nozzles 108 have held 
components, the components held by the nozzles are mounted 
on the printed circuit board 3 one by one. In order to obtain 
information for correction of the amount of movement when 
components are mounted by the mounting head 107, the board 
recognition camera 109 photographs the above geometric board 
position detection mark formed on the printed circuit board 
3 so that the position after movement of the printed circuit 
board 3 moved by the board operating apparatus 140 is detected 
correctly . 

The board operating apparatus 140 includes an X table 
141 and a Y table 142 as shown in FIG. 7. The X table 141 
includes a holding mechanism 145 for holding the printed 
circuit board 3 by sandwiching it between a fixed-side holding 
plate 143 and a movable-side holding plate 144 and can move 
in X direction via a ball screw 147 driven by a motor 146. 



- 15 - 

The Y table 142 on which the above X table 141 is mounted can 
move in Y direction via a ball screw 149 driven by a motor 
148. Here, the fixed-side holding plate 143 and the 
movable-side holding plate 144 are connected to the board 
transport apparatus 103 and the printed circuit board "3 
transported via the board transport apparatus 103 is 
sandwiched between the fixed-side holding plate 143 and the 
movable-side holding plate 144. In this way, the board 
operating apparatus 140 allows a printed circuit board to move 
in the X and Y directions during component mounting. 

The operation of the component mounting apparatus 101 
configured as shown above will be explained below. 

First, the control apparatus 130 is supplied with 
mounting position data, supply position data and board mark 
detection data. 

On the other hand, the printed circuit board 3 is carried 
into the component mounting apparatus 101 by the board 
transport apparatus 103 and held by the board operating 
apparatus 140. 

Under such a condition, in order to perform the above 
described board mark detection operation at a position 
nearest to either the recognition apparatus 120 or 121 which 
photographs the holding posture of a component to be mounted 
according to this embodiment, the control apparatus 130 first 
moves the board operating apparatus 140 to a place nearest 
to a component supply location such as the component supply 
apparatus 104 that supplies components to be mounted. During 
mounting of components, since the component held by the 



mounting head 107 is then placed above the recognition 
apparatus 120 or recognition apparatus 121 for component 
recognition processing, in order to minimize the distance of 
movement of the mounting head 107 from the recognition 
apparatus 120 or recognition apparatus 121 to the component 
mounting position on the printed circuit board 3, the control 
apparatus 130 moves the board operating apparatus 140 so that 
the above described component mounting position comes closest 
to the recognition apparatus 120 or recognition apparatus 121 
on the side of the component supply apparatus 104 which 
supplies components to be mounted • 

After the control apparatus 130 moves the board operating 
apparatus 140 in this way, the control apparatus 130 operates 
the XY robot 115 and the nozzle 108 to suck a predetermined 
component from the component supply apparatuses 104 , 105, 106, 
and further operates the XY robot 115 and the nozzle 108 to 
mount the component at a predetermined position on the printed 
circuit board 3. This mounting order is decided taking into 
account the height of components and the distance between the 
components as explained in Embodiment 1 ♦ 

The above explanation describes the case where the board 
operating apparatus 140 is provided, but there is also a simple 
component mounting apparatus 101 without this board operating 
apparatus 140, though not shown in the figure, and in this 
case, immediately after the printed circuit board 3 is carried 
into the component mounting apparatus 101 by the board 
transport apparatus 103 , the component mounting apparatus 101 
mounts a predetermined component at a predetermined position 



on the fixed printed circuit board by operating the XY robot 
115 and the nozzle 108. The mounting order at this time is 
the same as that in Embodiment 1. 
( Embodiment 3 ) 

FIG, 8 and FIG, 9 show Embodiment 3 of the present 
invention . 

Based on a specific example shown in FIG. 8, the flow 
chart in FIG. 9 will be explained. 

As shown in FIG. 8a, when higher electronic components 
la f lc and le and lower electronic components lb and Id are 
mounted on a printed circuit board 3, the order of mounting 
the electronic components la to le will be decided first. 

As shown in FIG, 9, in step SI, information on the shape, 
size and mounting position is loaded from the information on 
the electronic components la to le. 

In step S2, inter-component distances tl to t4 of the 
mounted components are calculated from the information 
loaded. 

In step S3, it is decided whether inter-component 
distances tl to t4 are wider than a predetermined value or 
not . 

When it is decided that the inter-component distances 
are narrower than the predetermined value, components with 
narrow inter-component distances are assigned to a same group 
in step 4. Since inter-component distances tl and t3 are 
narrower than the predetermined value, the electronic 
components la and lb are classified as a first group and the 
electronic components lc and Id are classified as a second 



group. In this way, components with a narrow inter-component 
distance are grouped together as shown in FIG. 8b. 

When it is decided that inter-component distances are 
wider than the predetermined value, a different group is 
formed in step S5. Here, since inter-component distances t2 
and t4 are wider than the predetermined value, a third group 
is formed only composed of the electronic component le. 

In step S6, it is checked whether all grouping is 
completed or not. 

If all grouping is completed, in step S7, the mounting 
order is decided in each group so that lower components are 
mounted first. Here, the mounting order is decided as shown 
in FIG. 8c, in the order of the electronic components lb, la 
in the first group and the electronic components Id, lc in 
the second group. 

By the way, the distance t2 between the first group and 
the second group is wider than the distance t4 between the 
first group and the third group, and therefore the components 
of the third group are mounted after the mounting of the first 
group is completed, then followed by component mounting of 
the second group. 

Therefore, the mounting order of the electronic 
components la to le is lb, la, le, Id and lc as shown in FIG. 
8c. Mounting of the components is started according to this 
mounting order. 

Here, in the case where grouping is not completed in step 
S6, the process goes back to step SI and the above operations 
will be repeated for other components. 
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Such a configuration can prevent distances of movements- 
of components to be mounted from becoming longer than 
necessary and finish entire mounting in a short time, 

(Embodiment 4 ) 

FIG. 10 and FIG. 11 show Embodiment 4 of the present 
invention . 

Based on a specific example shown in FIG. 10, the flow 
chart in FIG. 11 will be explained. 

As shown in FIG. 10a, when higher electronic components 
la, lc and le and lower electronic components lb and Id are 
mounted on a printed circuit board 3, the order of mounting- 
the electronic components la to le will be decided firsts 

As shown in FIG. 11, in step SI, the order of mounting 
the electronic components to be mounted la to le is decided 
according to a conventional method such as a method of 
minimizing the mounting time using the mounting positions r 
etc. Here, the mounting order is assumed to be electronic 
components la, lb, lc, Id and le as shown in FIG. 10b. - 

In step S2, information on the shape, size and mounting 
position is loaded from the information on the electronic 
components la to le. r 

In step S3, inter-component distances tl and t2 of the 
mounted components are calculated from the information 
loaded . 

In step S4, it is decided whether inter-component 
distances tl and t2 are wider than a predetermined value or 
not . 




When it is decided that the inter-component distances 
are narrower than the predetermined value, components with 
narrow inter-component distances are rearranged in ascending 
order of height in step 5. Since inter-component distances 
tl and t2 are narrower than the predetermined value, the 
electronic components are rearranged so that the mounting 
order is lb, la, Id, lc and le as shown in FIG. 10c. 

When it is decided that inter-component distances are 
wider than the predetermined value in step S4, no 
rearrangement is performed. 

In step S6, it is checked whether operation for all 
components is completed or not. If operation for all 
components is completed, component mounting is started 
according to the mounting order decided above. If operation 
for all components is not completed, the process goes back 
to step S2 and the above operation will be repeated for other 
components . 

Such a configuration can also produce the same effect 
as that in Embodiment 3 above. 
(Embodiment 5) 

When mounting of the electronic components 1 on the 
printed circuit board 3 is started according to the mounting 
order decided according to Embodiments 3 and 4 above, mounting 
of high components in this Embodiment 5 is started after 
confirming that mounting of lower components is completed. 

FIG. 12 shows Embodiment 5 of the present invention. 
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Before starting mounting of electronic components, in 
step SI , it is decided whether distances from other components 
are narrower than a predetermined value or not. 

If it is decided that distances from other components 
are narrower than a predetermined value, in step S2 , it is 
decided whether there are any lower components that should 
be mounted first « 

If there are components that should be mounted first, 
in step S3, it is decided whether mounting of the lower 
components is completed or not. 

If it is decided that mounting of the lower components 
is completed, the components are mounted in step S4 and after 
the mounting is completed, mounting of the next components 
will be started. 

If it is decided that mounting of the lower components 
is not completed in step S3, that is, if those components 
remain unmounted due to some trouble such as a suction error, 
components to be mounted are selected again so that the 
unmounted components are mounted and the process goes back 
to the beginning of the flow chart. 

If, in step SI, it is decided that distances from 
neighboring components are wide or there are no lower 
components that should be mounted first in step S2, that is, 
if the component to be mounted next is the lowest among 
neighboring components, the component is mounted in step S4. 

This procedure corresponds to a case, for example, as 
shown in FIG, 5a, where upon mounting the electronic component 
If, the mounting of the electronic component le is not 
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completed due to a suction error or the like, and the 
electronic component le is remounted first and the electronic 
component If is then mounted. 

The embodiments above describe the examples of mounting 
electronic components at predetermined places on a printed 
circuit board and manufacturing an electronic circuit board, 
but the present invention is not limited to these and is also 
applicable to various component mounting apparatuses in 
general that mount various components on various mounting 
targets . 




